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Introduction
Primary biliary cirrohsis (PBC) is a chronic and progressive cholestatic liver disease of presumed autoimmune pathogenesis that usually affects middle-aged women, which eventually leads to liver failure and the need for liver transplantation. Typically, PBC is characterized by non-extrahepatic biliary obstruction, increased alkaline phosphatase levels, the presence of increased anti-mitochondrial antibodies and histological features of non-suppurative destructive cholangitis along with the destruction of interlobular bile ducts.
Osteoporosis is characterized by loss of bone strength caused by dramatically attenuated bone mineral density (BMD), reduced by at least 2.5 standard deviations from the peak bone density of healthy young subjects, and by compromised bone quality, which results in high susceptibility to fragility fractures. The complications associated with osteoporosis can substantially burden affected individuals, their families, and the health care system. Therefore, the relevant risk factors should be identified to reduce the burden.
Disorders of the liver and the gastrointestinal tract, particularly chronic inflammatory process such as PBC, are commonly associated with osteopenia and osteoporosis.
However, controversy exists as to whether people with primary biliary cirrhosis (PBC) have an increased risk of developing osteoporosis fractures. [1] The reported prevalence of osteoporosis among patients who had PBC varies remarkably from 20% to 90%. [2, 3] Some researchers have found that PBC is associated with an increased risk of osteoporosis, [4, 5] but others have not. [6, 7] Nonetheless, it is clear that the prevalence increases with disease progression, and up to 80% of patients with cirrhosis indeed have osteoporosis. [8] Remarkably, only a few studies have discussed the relationship between osteoporosis and cirrhotic as well as non-cirrhotic PBC patients, [9] and only 2 have evaluated the overall fracture risk in people with PBC compared with the general population. [10, 11] The possible association between the use of steroids and PBC has not been fully resolved. Therefore, we performed a population cohort study using the NHIRD (National Health Insurance Research Database) to quantify the excess fracture risk and evaluate the risk of osteoporosis with and without steroid use in people with PBC. We additionally sought to clarify the risk of osteoporosis in PBC patients with and without liver cirrhosis.
Material and methods

Data source
The National Health Insurance (NHI) program in Taiwan is a compulsory single-payer program initiated in March 1995. Currently, there are 23.75 million enrollees, representing virtually the entire (99.9%) population of the country. The National Health Research Institutes maintain the NHIRD, containing all claims data. Herein, we used the NHIRD inpatient and outpatient datasets and the Registry of Beneficiaries. Diagnoses in the database were based on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Patient confidentiality was ensured by double-encrypted identifiers in the NHIRD.
Study participants
The study design and specific patient characteristics, with details of inclusion and exclusion criteria, are shown in Fig 1. The control cohort (non-PBC patients) was randomly matched with PBC patients according to age, sex, and index date (four controls for each PBC patient) using the same exclusion criteria. The study cohort included 986,713 patients aged 18 years and older who had been diagnosed with PBC (ICD-9-CM codes 571.6) during 2000-2010. The index date was designated as the first clinical visit for PBC. The exclusion criteria were as follows: diagnosis with PBC before 2000, osteoporosis (ICD-9-CM code 733) before the index date, incomplete data, status of post liver transplantation, aged below 18 years, and unknown gender. The ratio of PBC patients to non-PBC patients was maintained at 1:4 to enhance the power of the statistical tests employed, particularly regarding stratification analysis. Using these criteria, 9,972 non-PBC patients were identified.
Outcome
Patients in both the PBC and non-PBC cohorts were followed up until the end of 2010 or until one of the following events occurred: diagnosis with osteoporosis, elimination because of lack of follow-up, withdrawal from insurance, or death. Herein, we examined the impact of numerous baseline comorbidities and baseline sociodemographic characteristics including age, sex, and urbanization level, as well as the Charlson comorbidity index (CCI) score of the PBC cohort, and we adjusted the environmental factors according to urbanization level. The analysis also included the use of corticosteroids.
Statistical analysis
Baseline distributions of demographic characteristics and comorbidities were compared between PBC and non-PBC patients using the χ2 test for categorical variables and the t-test for continuous variables. The incidence density of osteoporosis (per 10 5 person-years) was calculated in both cohorts. Additionally, we calculated the incidence rate ratio (IRR) of osteoporosis for each variable. Univariate and multivariate Cox proportional hazards regression models were used to examine the influence of PBC on the risk of osteoporosis, which was expressed as a hazard ratio (HR) with a 95% confidence interval (CI), using non-PBC patients as the reference. Multivariate models were controlled for a considerable range of independent variables: age, sex, hypertension, diabetes mellitus, CHF, stroke, CAD, hyperlipidemia, dementia, steroid use, long-term bedridden, alcohol attributed disease, tobacco use disorder, obesity, postmenopausal, CKD, hyperparathyroidism, COPD, RA, hyperthyroidism, celiac disease, IBD, Sjogren's syndrome, renal tubular acidosis, liver cirrhosis, CCI score, season, city location, urbanization, and level of care. After stratifying by age, sex, comorbidities, and follow-up time, the relative risk for osteoporosis in the PBC cohort was compared with that for non-PBC cohorts using the Cox model. Cumulative incidence curves of osteoporosis for the two cohorts were assessed using the Kaplan-Meier analysis; differences between cohorts were evaluated using the log-rank test. All data were analyzed using SAS statistical software (Version 9.3 for Windows). A two-tailed P < 0.05 was considered significant.
Ethics statement
We employed the NHIRD encrypted patient personal information system to protect patient privacy; therefore, patient consent was not required for us to access the NHIRD. 
Results
During 2000-2010, a total of 2,819 PBC patients were enrolled in this study in accordance with our inclusion criteria; osteoporosis was observed in 150 of 2,493 PBC patients and in 539 of 9,972 non-PBC patients. Table 1 lists demographic characteristics and comorbidities of the PBC (2,493) and non-PBC cohorts (9,972) during 2000-2010. In both cohorts approximately 49% were more than 60 years of age, 56% were women, and the proportion by age and sex were similar. The PBC cohorts had a higher proportion of individuals living in urban areas (38.83% vs 33.71%; P < 0.001). The following comorbidities were significantly more likely in the PBC than in the baseline non-PBC cohort: LC (11.39% vs 2.68% P < 0.001), hyperthyroidism (0.68% vs 0.30%; P = 0.007), Sjogren's syndrome (2.13% vs 0.04%; P < 0.001), and renal tubular acidosis (2.25% vs 0.95%; P < 0.001). The PBC cohort had a higher distribution in the summer (24.83% vs 23.87%) and autumn (24.47% vs 21.89%; P = 0.008) and among people living in northern Taiwan. (49.78% vs 39.09%; P < 0.001).
The following comorbidities were significantly more likely in the non-PBC than in the PBC cohort: hypertension (17.95% vs 10.67%; P < 0.001), congestive heart failure (2.87% vs 1.81%; P = 0.002), stroke (7.53% vs 2.05%; P < 0.001), CAD (9.24% vs 3.53%; P < 0.001), CKD (5.13% vs 3.61%; P = 0.001), COPD (7.12% vs 3.05%; P < 0.001), postmenopausal (0.23% vs 0.00%; P = 0.006), hip fracture (1.27% vs 0.24%; P < 0.001), wrist fracture (1.25% vs 0.04%; P < 0.001), vertebral fracture (0.83% vs 0.04%; P < 0.001), rib fracture(0.58% vs 0.04%; P < 0.001). Notably, anti-resorptive agents including denosumab, selective estrogen receptor modulators (SERMs) and bisphosphonate) and steroid use in both cohorts showed no significant difference (0.76% vs 0.63%; P = 0.28). Table 2 presents the demographic data of the PBC and non-PBC cohorts after 10 years of follow-up. During this period osteoporosis was significantly higher in the PBC cohorts than in the non-PBC cohorts (6.02% vs 5.41%; P = 0.024). The PBC cohort was significantly younger than the non-PBC cohort (mean age: 61.12 ± 14.98 vs 63.41 ± 15.50; P = 0.001). Additionally, the PBC cohort was significantly higher in patients with Sjogren's syndrome than the non-PBC cohort (1.89% vs 0.10%; P < 0.001). Similarly, ursodeoxycholic acid (UDCA) use was significantly higher in the PBC cohort (19.49% vs 5.53%; P < 0.001). Perhaps, UDCA could be used in the non-PBC cohort owing to its role in dissolution of small-to medium-sized radiolucent, cholesterol-rich gallstones in patients with a functioning gallbladder. Conversely, the PBC cohort had significantly fewer patients with hypertension; DM; CHF; stroke; CAD; hyperlipidemia; COPD; dementia; and hip, wrist, vertebrae, and rib fractures, than the non-PBC cohort. However, the PBC cohort was significantly more represented in autumn (31.61% vs Table 3 revealed that osteoporosis risk was a remarkable 3.333 times greater in the PBC cohort than in the non-PBC cohort (aHR: = 3.333, 95% CI = 2.712-4.098, P < 0.001) after adjusting for age, CCI, related comorbidities (hypertension, diabetes mellitus, CAD, hyperlipidemia, chronic kidney disease, COPD, hyperthyroidism, hyperparathyroidism, RA, celiac disease, IBD, stroke, Sjogren's syndrome, and RTA), the use of medication corticosteroids, UDCA, anti-resorptive agents including denosumab, SERMs and bisphosphonate), obesity, postmenopausal, long-term bedridden, tobacco use disorder, and alcohol attributed disease. Additionally, we observed that osteoporosis risk was higher in RA (aHR = 2.111, 95% CI = 1.301-3.989, P < 0.001), hip fracture (aHR = 2.267, 95% CI = 1.542-3.796, P < 0.001), and vertebral fracture (aHR = 6.904, 95% CI = 5.101-8.999, P < 0.001). Conversely, the osteoporosis risk was lower in males (aHR = 0.567, 95% CI = 0.419-0.678, P < 0.001) and hypertension (aHR = 0.611, 95% CI = 0.436-0.786, P<0.001), CHF (aHR = 0.499, 95% CI = 0.312-0.795, P = 0.001), CKD (aHR = 0.459, 95% CI = 0.317-0.754, P < 0.001), and RTA (aHR = 0.424, 95% CI = 0.210-0.854, P = 0.010) patients. Fig 2 compares the Kaplan-Meier curves for the cumulative incidence of osteoporosis between the PBC and non-PBC cohorts after 11 years of follow-up. The 1-, 5-, and 11-year actuarial rates of osteoporosis were 1.40%, 4.61%, and 6.01% in the PBC cohorts and 1.36%, 3.55%, and 5.40% in the non-PBC cohorts, respectively.
Osteoporosis incidence and risk
We found that that 150 (6.02%) PBC cohort members progressed to osteoporosis with 10,570 person-years of follow-up over 11 years, for an incidence rate of 1,418 per 100,000 person-years. Conversely, only 539 (5.41%) of the non-PBC cohort members progressed to osteoporosis over the 49,998 person-years of follow-up for 11 years, for an incidence rate of 1,078 per 100,000 person-years. Therefore, the incidence rate of osteoporosis was 1.31-fold higher in PBC cohort than in the non-PBC cohort.
After stratification, the risk of osteoporosis notably increased independent of status regarding liver cirrhosis, hypertension, CHF, stroke, CAD, hyperlipidemia, DM, or CKD. Additionally, older age was associated with an increasing risk of osteoporosis in the PBC cohort. Remarkably, UDCA use and bone anti-resorptive agents (denosumab, SERMs, bisphosphonate) had no significance in decreasing the risk of osteoporosis in the PBC cohort (Table 4) . Because females predominate in PBC cases, we further isolated the female patients with PBC using stratification and found the same trend as with increasing age (Table 5) . To further explore the risk of osteoporosis with the use of steroids in the treatment of PBC, we limited the factors influencing osteoporosis and stratified only by PBC and steroid use (Fig  3) . The results indicated that steroid use will aggravate the risk of osteoporosis when comparing PBC to non-PBC cohorts (aHR: 6.899 vs 3.333).
Additionally, to elucidate the influence of liver cirrhosis on PBC and the risk of osteoporosis, we further limited the factors influencing osteoporosis and stratified by cirrhotic PBC versus non-cirrhotic PBC and found that the non-cirrhotic patients are prone to osteoporosis at a younger age (Tables 6 and 7) . To clarify the risk of various fractures between PBC and non-PBC cohorts we held constant osteoporosis, together with its explanatory variables, and stratified by PBC status as well as several prominent types of fractures. Using non-PBC without hip fracture as a reference, the association was increased in solely PBC cohorts and solely hip fracture cohorts (aHR: 3.333 vs 2.267); however, there was remarkably no associated increase in PBC with hip fractures. Likewise, using non-PBC without wrist fracture as a reference, the association was increased in solely PBC cohorts and PBC with wrist fracture (aHR: 3.333 vs 5.806); however, we found no associated increase with solely wrist fracture (Figs 4 and 5) . Finally, using non-PBC without vertebral fracture as a reference, the association was increased in solely PBC cohorts and in the solely vertebral fracture cohorts, with a greater increased PBC in the vertebral fracture cohorts (aHR: 3.333 vs 6.904 vs 12.101) (Fig 6) . 
Discussion
In this study, PBC was associated with a 3.33-fold increase in the risk of osteoporosis compared with non-PBC cohorts after adjusting for numerous potential confounders. The results are compatible with previous reports regarding female predominance (56.96%) and a relative low prevalence (6.02%) of the PBC cohorts progressing to osteoporosis over the 11 years of follow-up. In the baseline demography, we found that liver cirrhosis, hyperthyroidism, Sjogren's syndrome, and renal tubular acidosis are common comorbidities associated with PBC. Although the underlying mechanism of osteoporosis remains unclear; metabolic imbalances caused by osteoprotegerin (OPG)-receptor activator of nuclear factor-κB ligand (RANKL) was one of the leading mechanisms proposed for bone remodeling. [12] The process of liver cirrhosis, including PBC may disrupt the osteoblasts functing by decreasing the production of growth factors, such as insulin-like growth factor-1, increasing the synthesis of oncofetal fibronectin, and decreasing blood levels of osteocalcin. Some in vitro studies have demonstrated that unconjugated bilirubin and lithocholic acid contribute to the toxic effect on bone precursors and osteoblasts during the progress of cirrhosis. [13] In addition, vitamin-K deficiency, frequently observed in cholestasis, known to impair the osteoclast maturation and function, whereas vitamin-D deficiency might cause secondary hyperparathyroidism, which increases the bone resorption and extends the deficit of calcium ions. [14, 15] After analyzing osteoporosis stratified by various comorbidities using Cox regression models, we found that in comparing PBC to non-PBC cohorts, older age is associated with increasing risk of osteoporosis in PBC. However, UDCA use remarkably had no significance after stratification in decreasing the risk of osteoporosis in PBC cohorts. Agents used to treat liver disease may also affect bone mass. Our study showed that the use of steroids and UDCA have no beneficial effect in decelerating the process of osteoporosis, which is consistent with a previous study. [16, 17, 18] In our further cross section analysis, steroids increased the risk of osteoporosis in PBC cohorts by approximately 2-fold compared with no steroid use (Fig 3) . Steroid use is not a common regime in PBC therapy despite its productivity in autoimmune hepatitis and with other immunosuppressive therapies after liver transplantation. [19] 
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Trabecular bone loss reportedly accelerated after 12 months use of more than 7.5 mg/day of prednisone. Corticosteroids increase osteoclast differentiation and activity by the production of interleukins, specifically IL-1 and IL-6, and decrease osteoblast differentiation by suppressing differentiation, recruitment, and indirectly reducing collagen synthesis.
Moreover, increased bone resorption is more evident in cholestatic women. [20] The estrogen deficiency state in postmenopausal females has been proposed as a possible mechanism of osteoporosis in PBC women. [6] However, our study notably showed no close relationship between postmenopausal state and osteoporosis in PBC patients, in contrast to results Osteoporosis risk in patients with primary biliary cirrhosis obtained in previous studies of this topic. This may be because we are unable to fully identify the early postmenopausal or late postmenopausal states. Benetti et al reported that early postmenopausal (less than 5 years) PBC patients had a 6.5 times greater risk of having osteoporosis than those with premenopausal PBC, whereas the late postmenopausal (more than 5 years) patients had a remarkable 9.6 times greater risk. [21] Notably, other retrospective studies have obtained results consistent with our findings, showing that menopausal status is not a significant independent factor for the development of osteoporosis in PBC patients and that it appears to have an effect far less strong than the severity of liver damage. [22] In our study liver cirrhosis is also correlated with osteoporosis in PBC. Cirrhosis has been linked to increased risk of fracture by approximately 2-fold, compared to non-cirrhotic liver diseases, including PBC. [23] Bone density in patients diagnosed with PBC before developing a cirrhotic state is like that of healthy controls. Among patients with cirrhosis, other variables, such as a severely clinical Child-Pugh or Mayo Risk Score, histological stage (Ludwig, Sheuer), and lower BMI, showed progressive correlation with low BMD. [24] We compared the liver cirrhosis and non-cirrhosis cohorts with PBC and found that the non-cirrhosis PBC cohorts are prone to osteoporosis at a younger age than the cirrhosis PBC cohorts (Tables 6 and 7) . According to a large retrospective study by Seki et al with 128 PBC postmenopausal women, even non-cirrhosis PBC patients were found to have a higher risk of osteoporosis. The study concluded that the mechanism is predisposed by low bone turnover manifested via lobular cholestasis in non-cirrhotic PBC stages observed via a histological examination. [25] In both the non-cirrhotic and cirrhotic PBC cohorts, we found female predominance and speculated that the reason non-cirrhotic PBC patients are prone to osteoporosis at a younger age compared to the cirrhotic PBC cohort may be related to different hormone conditions. Finally, we also analyzed the association of fracture potential between the PBC and non-PBC cohorts and found a strong osteoporosis risk for PBC patients in the vertebral fracture cohort. However, this result is inconsistent with a previous study that showed a 2-fold increase in the risk of any fracture for the PBC cohort compared with the general population. [26] The fracture risk with PBC remains widely debated.
There are several limitations to our study. First, the health insurance data we utilized did not include laboratory results such as bilirubin level, alkaline phosphatase level, lifestyle data, exercise capacity, body weight, body mass index, nutrition supplements, and family history of systemic disease. It also excluded disease details such as the histological stage of liver biopsy; severity of the PBC; intake of calcium and vitamin D; or the use of bisphosphonate, hormone therapy, and calcitonin.
Second, the inclusion of disease attributed to alcohol and tobacco in our analysis could underestimate the results for these individuals.
Third, the background of the patients in this study was predominantly Asian, limiting the generalizability of these results. 
Conclusions
In conclusion, PBC patients are at high risk of osteoporosis, and medications involving glucocorticoids and the status of post liver cirrhosis involvement may play a crucial role in the occurrence of osteoporosis in PBC patients. Nonetheless, further study is required to fully elucidate the pathophysiology, treatment, and prevention of osteoporosis in PBC patients.
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